INTRODUCTION
Management of overactive bladder (OAB) can be difficult, and when primary treatment has failed to give sufficient improvement, cystoscopic injection of botulinum toxin into the bladder wall is now a well established treatment option [1] [2] [3] [4] . This is a minimally invasive outpatient or day case procedure. Among the currently available botulinum toxin preparations only onabotulinum toxin A (Botox®) is licensed for treatment of OAB. The recommended dose for non-neurogenic OAB is 100 Allergan units per treatment [5] . With this dose the response rate is above 60% in most studies (range 37-70%, Table 3 ), typically with a 20-50% reduction in incontinence episodes (i.e. 2-3 fewer leaks per 24 hours), 23-55% of patients achieving continence, and a statistically significant improvement in quality of life measures [2] [3] [4] [6] [7] [8] . The main complications are a 5-36% risk of UTI [2] [3] [4] [5] [6] 9] and a 4-11% risk of impaired bladder emptying requiring catheterization [1, 3, 4, 6, 9] . Some patients also experience postoperative pain and dysuria. Systemic adverse effects are very rare with this dose. The effect of cystoscopic injection of botulinum toxin is temporary, with median duration of Abstract: effect around six months. However, the treatment may be repeated, and responders typically receive a new injection after 6-8 months [5, 9, 10] . EMDA (Electromotive Drug Application) is a method for enhancing absorption of drugs into tissues [11] . By creating an electric field drugs can be transported through a physiological barrier, thereby increasing the transfer of a drug into the target tissue. The active processes in EMDA are electrophoresis and iontophoresis.
Introduction: Cystoscopic injection of botulinum toxin into the bladder wall is a well established, minimally invasive treatment option in patients with overactive bladder. This study was done to evaluate a different way of delivering the drug, namely by bladder instillation by catheter and using electromotive drug application (EMDA).

Methods
EMDA has been used in the urinary bladder to increase the effect of local anesthesia [12] , in treatment with cytostatic drugs in superficial bladder cancer [13] and in the treatment of OAB [11, 14] . We used this method with botulinum toxin in our study.
Only two clinical studies on EMDA and OAB using botulinum toxin in OAB patients have so far been published, both with pediatric patients [15, 16] . Kajbafzadeh and coworkers have published two case series with intravesical botulinum toxin A (Dysport®) with EMDA in children with myelomeningocele, one focusing on urinary incontinence due to neurogenic detrusor overactivity [15] and one focusing on children with both neuropathic bladder and bowel dysfunction [16] . Their results were good and the treatment was virtually without complications. Kajbafzadeh and coworkers have also shown in a rabbit study using immunohistochemical staining that botulinum toxin A (using Dysport®) was distributed evenly and deeply into the bladder wall with EMDA, while the distribution was weak and patchy with cystoscopic injection [17] , supporting the utility of the EMDA method. We are not aware of any published studies on the use of botulinum toxin and EMDA in adults with OAB.
Our pilot study was done to evaluate the effect of botulinum toxin A with EMDA in women with severe, treatment refractory OAB.
MATERIALS AND METHODS
After written, informed consent 14 women with severe, treatment resistant OAB were recruited from the gynecological outpatient department. All had tried other treatments for OAB (bladder training, antimuscarinics, mirabegron, electrostimulation) with insufficient effect and were candidates for standard botulinum toxin treatment by cystoscopic injection of Botox. Inclusion criteria were OAB of more than 3 months duration, failed conservative and pharmacological treatment and indication for standard cystoscopic injection of botulinum toxin. Exclusion criteria were age < 18 years, mixed incontinence with dominant stress incontinence, ongoing urinary tract infection and contraindication to treatment with botulinum toxin. The trial was designed to mirror our clinical practice and participants were not asked to stop other OAB treatment before inclusion. Follow-up time was 6 months.
The primary efficacy end-point was change in number of leakage episodes per 24 hours. Secondary endpoints were: change in grams leakage, number of voids and mean voided volume on a 24 hour voiding chart, change in score on the validated instruments UDI-6 (Urogenital Distress Inventory 6), IIQ-7 (Incontinence Impact Questionnaire 7), ICIQ-OAB SF (International Consultation on Incontinence Overactive Bladder Short Form, an instrument specifically for overactive bladder problems) and a treatment satisfaction VAS, and change in flow rate and postvoid residual urine. Adverse events such as UTI and need for catheterization were recorded.
In the literature treatment success is commonly defined as more than 50% improvement. We therefore classified participants with a treatment satisfaction VAS score ≥5 as responders and those with a score <5 as non-responders. Nonresponders were allowed to leave the study after 3 months and were offered standard botulinum toxin a treatment by cystoscopic injection.
Treatment Procedure
The bladder was emptied and 60 mL of normal saline with 200 Allergan units of onabotulinumtoxin A (Botox®) were instilled into the bladder. A pulsed current electric generator (Physionizer Mini30N2, Physion Srl, Mirandola, Italy) delivered 20 mA via a specially designed urinary catheter with a spiral silver electrode (Physion Srl, Mirandola, Italy) and two suprapubic skin electrodes. The positive electrode was located in the bladder and the negative electrodes on the skin. Treatment time was 30 minutes. Antibiotic prophylaxis was given with a single dose of two tablets trimethoprim 80 mg/sulfamethoxazole 400 mg (Bactrim®).
The participants were seen in the clinic after 2 weeks bringing a 24 hour voiding chart. At the visit urine flow rate and postvoid residual were measured, and scores on UDI-6, IIQ-7, ICIQ-SF and a treatment satisfaction VAS were recorded.
After 4 weeks and 3 months the participants reported by letter with a 24 hour voiding chart, UDI-6, IIQ-7, ICIQ-OAB SF and a treatment satisfaction VAS, and after 6 months they were again seen in the clinic with the same procedure as the 2 week visit. All participants were free to contact the study team at any time.
The study was approved by the Regional Ethics Committee of South-East Norway.
Trial registration: Clinical Trials.gov: NCT02735499
Statistics
One-sided Wilcoxon signed-rank test and paired t-test were used with level of significance set at 0.05.
RESULTS
Demographics of the participants are given in Table 1 and the main results in Table 2 . Most of the participants had transient, mild, painless erythema of the abdominal skin for a few hours after the treatment. Otherwise there were no adverse events except three episodes of acute cystitis (14%) in two patients who both have a history of recurrent urinary tract infections. Two episodes occurred within a week of treatment and the third eight weeks later. No participants had impaired bladder emptying or a need for catheterization. Nine participants elected to leave the study after three months, leaving five who completed six months follow-up. As shown in Table 2 the response rate was 43% at one month, 36% at three months and 21% at six months with continence achieved in 43%, 21% and 7%, respectively. At six months, all the three responders scored 8 on the treatment satisfaction VAS. Among the seven patients who used OAB medication at inclusion, four stopped within the first two weeks; two of them started again after three months and the other two after six months. Among five patients who subsequently received intravesical cystoscopic injection (100 units onabotulinum toxin A), two were classified as responders and three as nonresponders after a mean of three months followup.
Table1. Demographics of participants (N=14).
Age (years) Weight (kg)
Height ( 
DISCUSSION
This was a pilot study to gain initial experience with bladder instillation of botulinum toxin A and EMDA in adults as this has never been reported in the literature. There are two published studies on this method in children [15, 16] , but none in adults. The response rate in our study, defined as Treatment Benefit VAS score ≥5, was 43% at one month, 36% at 3 months and 21% at 6 months. At both one and three months there was a statistically significant reduction in the number of leakage episodes (the primary endpoint) and grams leakage per 24 hours as well as in the UDI 6 score, while number of voids per 24 hours and IIQ7 and ICIQ SF scores showed statistically significant reduction at one month only. It appears therefore that the method works reasonably well and there were few complications in our study.
Comparison with Cystoscopic Injection
At present, among the currently available botulinum toxin preparations only onabotulinum toxin A (Botox®) is licensed for treatment of OAB. The recommended dose for nonneurogenic OAB is 100 Allergan units per treatment [5] . With this dose the response rate (in the reports usually defined as >50% improvement or 'improved' or 'greatly improved' on Treatment Benefit Scales) is in excess of 60% in most studies (range 37-70%), typically with a 20-50% reduction in incontinence episodes (i.e. about 3 fewer leaks per 24 hours), 23-55% of patients achieving continence, and statistically significant improvement in quality of life measures [2] [3] [4] [6] [7] [8] (Table 3 ). The response rate in our study is somewhat lower at 43% at one month and 36% at three months, and while there was statistically significant reduction in incontinence episodes (p=0.01) and leakage (p=0.025), the numbers are lower than those reported after cystoscopic injection. However, it is interesting to note that three of the five nonresponders who subsequently received cystoscopic injection of Botox were still nonresponders. 
Table3. Studies using Botox 100 U in female patients
Duration of Effect
With cystoscopic injection of botulinum toxin the duration of benefit is usually about six months [5, 9, 10] . While the initial response rate was lower in our study, 21% of the patients were still classified as responders at six months, showing that the benefit is long lasting in some of the patients.
Complications
There were few treatment related complications in our study, only three cases of acute cystitis in two patients who both have a history of recurrent UTI's. Two cases occurred early and were treatment related while the last occurred after eight weeks and thus probably not treatment related. Otherwise no complications were seen and there were no cases of impaired bladder emptying. It is possible that a more aggressive antibiotic prophylaxis might have reduced the number of UTI's.
Instillation Treatments
Instillation treatment can be used for several bladder conditions. Instillation treatment with different compounds for painful bladder syndrome/interstitial cystitis is well established [19] . For superficial bladder cancer cytotoxic drugs with EMDA is used [13] . For OAB a number of compounds have been tried, but none appear to have come into very widespread use.
Only a few studies using intravesical EMDA in OAB patients have been published. Di Stasi et al. reported significant improvement in several urodynamic parameters with EMDA using oxybutinin in a pilot study in 2001 [20] . [14, 21] . Petrou et al. used a mixture of Botox and DMSO in 2009 with unconvincing results [22] . No further studies have been published by these groups.
Some instillation methods employ a carrier substance to improve treatment effect by prolonging contact with the bladder mucosa [18] . Lately, liposomes acting as drug carriers have come under study for OAB [23] . With this method, different molecules are added to liposomes. The compound then attaches to the bladder mucosa for a prolonged period of time, facilitating transfer of the drug into the bladder wall. A few small studies using botulinum toxin A with liposomes have been published [24, 25] . The results so far indicate that this is an interesting method, but comparative studies have not been published, and it does not appear to be superior to EMDA or other instillation methods.
Improving Our Results
Increasing the dose of Botox might improve the response rate, but would also increase the cost, and might increase the risk of impaired bladder emptying. Increasing treatment time would probably not be of any use, as most of the drug transfer takes place within the first 15 minutes (personal communication Paolo Mironi, Physion Srl, Italy). We used 20 mA power in our study. Increasing the power might not be advisable as a number of our patients experienced transient skin erythema at this setting. While substantially similar after reconstitution [26] the different botulinum toxin a preparations on the market are slightly different from each other due to different production methods, and a different preparation might possibly have a better effect. In their studies on EMDA and botulinum toxin A in children, Kajbafzadeh and coworkers used Dysport® with good results [15, 16] . We used Botox® in our study because this is the only botulinum toxin preparation currently licensed for OAB. A comparative study is required to address this point.
Limitations of the Study
The main limitations of this study are its small number of subjects as well as being noncomparative. Also, it could be argued that not stopping OAB medication has polluted the results. However, we feel that it fulfills its role as a pilot study and shows that the method is safe and feasible and has promising results.
CONCLUSION
This pilot study shows that electromotive botulinum toxin administration is a feasible, simple and safe non-invasive outpatient method with no need for anesthesia or cystoscopy. It can be administered by a nurse. A statistically significant improvement in overactive bladder problems was found after a single treatment session. Treatment response was 43% at one month, 36% at three months and 21% at six months. There were no complications apart from three cases of acute cystitis of which one may be classified as not treatment related.
However, this was not a comparative study, and further studies of adequate power are required. This method has the potential of becoming an alternative to cystoscopic injection of botulinum toxin.
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